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MUROS Uplink Receiver Performance
1 Introduction

Successive interference cancellation (SIC) receiver was proposed for OSC/MUROS uplink [1] and is considered as a good trade off between complexity and performance, especially when combined with diversity interference cancellation techniques, which can also be denoted as interference rejection combining (IRC) [2]. 

The link performance of a SIC receiver for the uplink is evaluated in this contribution. Simulations for the AFS 5.9 and AHS 5.9 have been performed for MUROS test scenarios MTS 1 and MTS-2. Simulation assumptions and results have been updated compared to an earlier version presented at MUROS telco #9.
2 Simulation assumptions

For BTS receive diversity, methods like enhanced diversity interference cancellation can be applied, which have been developed for GMSK modulation, first shown in [3]. These methods have been reused for MSRD receivers [4]. For MUROS uplink receivers, better radio and baseband conditions at the BTS and specific characteristics of MUROS system definition allow combination with further methods. Good decorrelation of BTS antennas, aligned timing synchronization between the subchannels by timing advance and knowledge of the training sequence of both subchannels can be assumed. This allows exceptionally good performance already in combination with successive interference cancellation, which is still less complex than joint detection. The total complexity of the SIC algorithm considered here (fixed point MIPS) is only about 3 times higher for both users than a conventional diversity IC receiver for a single user.
Simulations have been performed to evaluate the performance of a SIC receiver in combination with IRC. For reference purpose a conventional GMSK MRC receiver is included in the analysis. The simulation assumptions are very similar to [2] and summarized in Table 1.

Table 1: Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	TSC allocation
	User subchannel C1: legacy TSC0 (wanted signal)
User subchannel C2: new TSC0 from [1]

	Interference
	MTS-1 and MTS-2 model

	Interference modulation
	GMSK

	MUROS SCPIR
	0, -5. -10, -15 dB

	C/I 
	Power of wanted user C1 / dominant external interferer power I1 

	Timing alignment
	Random error model TR 45.914 [10], Section 5.2.5

	Frequency offset
	C1:      0 Hz, C2: +100 Hz (Fig.1-12)

C1:      0 Hz, C2:       0 Hz (Fig. 9-12)

C1:   -50 Hz, C2:   +50 Hz (Fig. 9-12)

C1: -150 Hz, C2: +150 Hz (Fig. 9-12)

	Used Codecs
	TCH/AFS 5.9 and AHS 5.9

	Antenna diversity
	Yes, uncorrelated antennas

	Receiver type
	SIC, spatio-temporal IRC

	Receiver implementation
	fixed-point

	Frequency offset compensation
	Timeslot-based, no outer compensation loop,
range -150 Hz …. 150 Hz (extendable)

	Simulation time
	200 sec (40 000 timeslots) per point

	Rx filter
– Bandwidth

– RRC rolloff
	RRC

   240 kHz (3 dB bandwidth)

   0.3

	Rx-Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– Noise figure 
	 1.0   [degrees (RMS)]

 0.2   [dB]

 1.5   [degrees]

 8      [dB]


3 Simulation Results

It is preferred to plot absolute FER performance results. These plots, which are all positioned on the left hand side in the following pairs of plots in sections 3.1 and 3.2, allow comparison with other UL simulations, which have already started to show absolute performance [5]. 
The performance plots on the right hand side are based on the same simulations, but have been normalized so that the MRC performance becomes 1% FER @ 0 dB, similar to [2], [6]. The conventional MRC receiver can be expected to provide a better reference basis for comparing simulations results between companies than the IRC receiver, because IRC results are supposed to dependent more strongly on the specific implementation. Therefore comparison with [6] would be quite difficult in any case and IRC results are not provided here.

Section 3.3 shows in Figures 9 to 12 additional results for varying frequency offset between the subchannels. These can be compared with results in [7], but don’t show any strong dependency on the frequency offset between the MUROS subchannels reported in that earlier contribution.

In general the uplink performance at 1% FER for interference turns out to be consistently better than MRC, with only few exceptions if the difference between C1 and C2 is 10 dB or more.

	3.1    MTS-1, AFS/AHS 5.9, frequency offsets: C1 = 0 Hz, C2 = 100 Hz
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	Figure 1: MTS-1, TCH/AFS 5.9, absolute
	Figure 2: MTS-1, TCH/AFS 5.9, relative
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	Figure 3: MTS-1, TCH/AHS 5.9, absolute
	Figure 4: MTS-1, TCH/AHS 5.9, relative

	3.2    MTS-2, AFS/AHS 5.9, frequency offsets: C1 = 0 Hz, C2 = 100 Hz
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	Figure 5: MTS-2, TCH/AFS 5.9, absolute
	Figure 6: MTS-2, TCH/AFS 5.9, relative
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	Figure 7: MTS-2, TCH/AHS 5.9, absolute
	Figure 8: MTS-2, TCH/AHS 5.9, relative

	3.3    MTS-1/2, AFS/AHS 5.9 with different frequency offsets
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	Figure 9: MTS-1, TCH/AFS 5.9, relative
	Figure 10: MTS-1, TCH/AHS 5.9, relative
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	Figure 11: MTS-2, TCH/AFS 5.9, relative
	Figure 12: MTS-2, TCH/AHS 5.9, relative


4 Conclusions

The results presented in this paper have been all achieved in fixed point implementation with reasonable complexity, which could also be scaled up or down especially regarding the SIC component.

Taking MRC without MUROS as a reference, it becomes evident that the MUROS link performance that can be achieved by efficient combination of advanced receiver techniques is in the same order of magnitude or even better. Since MRC uplink performance is often considered as basis for network planning, this observation supports feasibility of MUROS to provide sufficient uplink performance in these networks even for half rate channels.
The simulation results turn out to be extremely robust with respect to frequency offset, which may be quite high under practical network operation conditions with all variety of MS types.

The conclusions presented here for uplink complement similar conclusions from downlink results about the tremendous benefit from MUROS for upgrading existing networks, which has already been shown before [8]. Further improvements have been achieved by SIC methods also in the downlink and fit very well with downlink power control by adaptive signal constellation [9]. It is proposed that simulation results presented in these papers and a discussion on system benefit for upgrading existing networks should be included in the TR [10]. 
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